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*

TRIZVTR S, A7 27 bOEMMREK, RF. BIRZ IR XA X TEET,
RKHEA RiZ4oO0KEHIOEREINTVETS,

1) B0 TAM) TRERDBNZ LT, Y IARBIRSLLTOMREFHPLTCVEET, LFR
ZVTRIZHMNDZDPUDTOHIEIILLFATVEEL & d,

2) 220HD® 7> a v TR ERTHERENZT AV FRZOY Y ILEMALET, BLTRAZ Y S XDHE
AREHFEL TVEDTHIUE, ZIHhOmAHDTHRVTL & I,

3) 3FEHDE > a Y XV ETNRF 2a— I TZAERBEL T, TRAZVTEZBEDEIBRRAH=ZXLT
BELTOV2D0EHNLET. ZLOANEIDOLLOBRIIAETL & 5,

4) Bkotryarvid, C TEIPNLHEARAADT A Y F X% Y27 Python TEET 3 HiE%
MALET, 2072 arypPeD X5 ICH-RNRMEXY v NIZZ& %D, classmethod() %
staticmethod(), property(),  slots. X WoZt—fRIRY — L DEENRYD LI THR->TWVWS

DB ZE R o 7e HFHA T E W,

1 AF9

CDOAFITIE, 722 X ERLE 250U, FILWERZ DT oMM L TVEET,

1.1 SOTNBH: ERERT TR TR

Ten 7 RGTAIZVTRT, ZD __get__() XV v FIZFEICERD 10 ZRL F T,

class Ten:

def __get__(self, obj, objtype=None):

return 10

ZDFAIZY S RE[ESIEMD Y S RAD T 57 AER LTRFLET:



class A:
x =5 # Regular class attridbute

Ten() # Descriptor instance

<
]

AVESI T4 Ty TarvikFoT, BEDBMNLY I 7y T, TAZVTRDNLY 77 v TDEVER
TAEL &S,

>>> a = AQ) # Make an instance of class 4
>>> a.x # Normal attridbute lookup

5

>>> a.y # Descriptor lookup

10

a.x BYLVY 77y FITREFy MERTHZ 7 AFHEDOTLS 'x': 5 ZHOU % T, a.y vy 27y TR
Fyo MEEFIX __get__ XAV Y REROTRAIV TR VRAXVARRELES, 20X Y v FERESHT
.10 ZIRLET,

10137 7 RDEEILDH, A VARV ADFHELZHNINTVWERA, ZORDD, 10134V F~> FIZE
BXhFET,

ZOHYINE, SUTNRTRAZ)TIEBED XS ICHET 2 02HHT 27200 DTN, EHNTIE
HHERA, EBERTHE, @FEOBNY 722D THBEWTL & 5,

ROt r7>arTid, KOEBRNZEMNZLY 77y TEERLET,

1.2 BRIy ITvS

BIZERERTID D, RICHPUHEEFTTEZFTAZY TEZOAFPEEWVWTL & D,

import os
class DirectorySize:

def __get__(self, obj, objtype=None):

return len(os.listdir(obj.dirname))
class Directory:
size = DirectorySize() # Descriptor instance

def __init__(self, dirname):

self.dirname = dirname # Regular instance atiridbute

AR T4 7y aryTRELSIC, ZORKRBFWTY, FTICICRLRIFEZITV. BEE N
HFEhET,

>>> s = Directory('songs')

>>> g = Directory('games')

(RDOR=J12Fi <)




(RIDR=I D5 DR E)

>>> s.size # The songs directory has twenty files
20

>>> g.size # The games directory has three files
3

>>> os.remove('games/chess') # Delete a game

>>> g.size # File count ¢s automatically updated
2

OV TNVETRZY) FROPTED X ST EIT S 2RFTIERL, __get__ ) DI5IEOEHMB L
TWET, self 8T X —RIX size T, DirectorySize DA Y ARV ATT, obj T A—RIT g s Lol
Directory DA Y AR Y ATF, 0bj I2ED. __get__O) IFE—=F v FOT 4 L7 M) ZHNET, objtype /3
7 X —&I% Directory 7 7 A T3,

1.3 EEIniEH

FARAZ Y FRTIEL FELNDZHBNA VARV ADT —ZADT7 72 ADEHTYT, ZOTAZ VY TRIZT
AFED ATV v 7 REHEICEID S ToNETH, EEOT—XEA YRRV AFHED T I 4 R— M REMHIC
PRFLET, RTV v IRTIVEAPTONDEE, TRAIZUTRD __get__ (O & __set__() XYV v FWE
TENET,

ZDH Y TNTIE age 1387V v ZRBHET. _age 13774 R=VMREHTT, TV 7 REENRT 7 E
REND L, TRV T RNy 77y TREHROu M ELET,

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:
def __get__(self, obj, objtype=None):
value = obj._age
logging.info('Accessing /r giving /r', 'age', value)
return value
def __set__(self, obj, value):
logging.info('Updating /r to /r', 'age', value)
obj._age = value
class Person:
age = LoggedAgeAccess() # Descriptor instance
def __init__(self, name, age):
self .name = name # Regular instance atiridbute

self.age = age # Calls __set__()

def birthday(self):
self.age += 1 # Calls both __get__() and __set__()




AR T4 7y a YORRTRTO,RZ L5112, BHINWLBIED age D 71D THIE T,
D

BEDOEMD name Zu7H I ETA,

>>> mary = Person('Mary M', 30) # The initial age update is logged
INFO:root:Updating 'age' to 30

>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary) # The actual data is in a private attiridbute
{'name': 'Mary M', '_age': 30}

>>> vars(dave)

{'name': 'David D', '_age': 40}

>>> mary.age # Access the data and log the lookup
INFO:root:Accessing 'age' giving 30

30

>>> mary.birthday() # Updates are logged as well
INFO:root:Accessing 'age' giving 30

INFO:root:Updating 'age' to 31

>>> dave.name # Regular attridbute lookup isn't logged
'David D'
>>> dave.age # Only the managed attribute is logged

INFO:root:Accessing 'age' giving 40
40

OV INVEEIRELRMENDD £F, 774 X— MRAFD __age 7 LoggedAgeAccess 7 5 ADH
TA=Ra—=FENTVET, Z2DRD, YDA YRAXYAb 1DLrZoa I EBENEnT. %4
HZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BRIDHREZIAX

TIAMTRAIZ Y FEE2FES L EIZ, ZIRABFNREFNDTAZ Y FRIZED KD RERL /S 2 @Al
%9,

Z DY ¥ SNV TIE Person 7 7 R, name & age ¥\ 2DODT ATV T RA VAR A EFFoTWET,
Person WEFE XN S &, LoggedAccess ® __set_name__() XTI —NANw 7 %{T570, 74—V FHERL
RTEET, ThZ2hoT 27 FXIZ, public_name & private_name ZFHE T,

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAccess:

def __set_name__(self, owner, name):

self .public_name = name

self .private_name = '_' + name

(KDR=I1Z%iE<)
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def __get__(self, obj, objtype=None):
value = getattr(obj, self.private_name)
logging.info('Accessing /r giving /7', self.public_name, value)

return value

def __set__(self, obj, value):
logging.info('Updating /r to /r', self.public_name, value)

setattr(obj, self.private_name, value)
class Person:

name = LoggedAccess() # First descriptor instance

age = LoggedAccess() # Second descriptor instance

def __init__(self, name, age):
self .name = name # Calls the first descriptor

self.age = age # Calls the second descriptor

def birthday(self):
self.age += 1

ARSI T4 7y ay LTI ¥, Person 7 7 AD __set_name__ () ZFEURHIL, 74—V FA&DE
BEINBZ BB TL &I, vars() AT, TRAZ VTR EZREEHLAEWTTRAZ Y FXERIG L TA
FL &I,

>>> vars(vars(Person) ['name'])
{'public_name': 'name', 'private_name': '_name'}
>>> vars(vars(Person) ['age'])

{'public_name': 'age', 'private_name': '_age'}

LT 7 2% name & age DMAFTRZEZHILE T,

>>> pete = Person('Peter P', 10)
INFO:root:Updating 'name' to 'Peter P'
INFO:root:Updating 'age' to 10

>>> kate = Person('Catherine C', 20)
INFO:root:Updating 'name' to 'Catherine C'
INFO:root:Updating 'age' to 20

2920 Person DA VARXYRAIE, TT7AR—-PFMEALPEEFELTOERA,

>>> vars(pete)
{'_name': 'Peter P', '_age': 10}
>>> vars(kate)

{'_name': 'Catherine C', '_age': 20}




1.5 F&&

_get__O . _set__O . HBZWVWE __delete__ () AV Y FEERLLZDOLWEZATI =7 WA, FiaAD
descriptor ¥ FERH DT,

ZAUTEMLT, A2V FRIE __set_ name__ () XV FEROZILDITEET, ZOXY vy FiEk, TX
TYTENHREEIND IR, HEZWVETHA Y ENT 7 2AER N RERH 2 GFCHEINET, b
LIFELTVWRIE, 729 ZADBFRZY PR THELTHRINET,

TARAZVITEREEEOLYy 77 v TR Fy PHEAEFRI LI THRUHBH I F T,
vars (some_class) [descriptor_name] Y WHOEHFZXHIC Ko THEWNITTAZ YV TFEANT 7RI N5
L TRV T REFITT DB, TRV TRDA VARV ARRINET,

TRAZYVTREY 7 AEHE LTHH L7 FRETEELES, A VARV RACHRELTHHRED D %
A,

FRZV TR, 7 IABH e LTHRNEATWAR A7V bEN LY 727y PHICHA T 3 2 L 2l
TEBZEDW, 772332 e T REFR—ar o TWVWET,

ERRANCIE. MO LMD 2 225, vy 77 v THICHEATZ Z e Z2HlllL TE L L, T2 Y TR
ZOMBEYESE, MRSINTVWDE T —XBHEICNATES XSICLET,

FRZY FRIX, Python DX FXERhe ZATHHAINTVWES, Z4Uuckb, B3B8 4 VR
2RI NT XY v FIZk D F£3, classmethod(), staticmethod(), property(), functools.
cached_property() ¥Wo7Y—dFRT, 7RIV SR LTEEINTVET,

2 RBENBT T

ZOY Y INTIE, BAPED THE L WS — X BN ZRET 2 DIICHHTEER, FEEWNTRY 717y —
LEBALE T,

21 NUF—2U5 2R

NYF—RIEMENTBINET 7 ADDD TR ) FRTE, 7—X 2N 21T, H L WEHDE
BLTWS 2, HOHMHRICES L TWa2r2MEE L £ 3, & LHRICEDRITIUI, fistzRtL, 7—
RPRIELIRREICI2 2 DZFE T,

Validator 77 7 RlZ abstract base class TH D, BUHEH TRV X THHH T,

from abc import ABC, abstractmethod

class Validator (ABC):

def __set_name__(self, owner, name):

self.private_name = '_' + name

def __get__(self, obj, objtype=None):

(RDR=I12%i <)




(RIDR=I D5 DR E)

return getattr(obj, self.private_name)

def __set__(self, obj, value):
self.validate(value)

setattr(obj, self.private_name, value)

Qabstractmethod
def validate(self, value):

pass

HRARZ LN T =R EBERT 2121F Validator ZMA L, validate() XV v FEMEMR L THEIZIGL TX
FXERFRIDOMEE R TV E T,

2.2 ARZLN)T—4

ZITE3DDEBHLEAN)F—>arDa—F4 VT2 OHF Y IAEEBNLET,
1) OneOf IFHIR X NIAEHORBICEENZHIE D R MEEL 3,

2) Number X fliA% int % float DY I EMALL £ 5, 4 7> a ¥ T, EIHEE I N7 R/IME L RAME
CEENDILOMELLE T,

3) String 73 str DY S MMRIELEF, + 7> 2> T, EESNERDN BAOEXORIEE L
T, L—F—FRO i BT HTRET,

class OneOf(Validator):

def __init__(self, *optiomns):

self.options = set(options)

def validate(self, value):
if value not in self.options:

raise ValueError (f'Expected {value/r} to be one of {self.options/r/}')
class Number(Validator):

def __init__(self, minvalue=None, maxvalue=None):
self .minvalue = minvalue

self .maxvalue = maxvalue

def validate(self, value):

if not isinstance(value, (int, float)):

raise TypeError(f'Expected {value/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:

raise ValueError(

f'Expected {value/r} to be at least {self.minvalue/r/}'

)

if self.maxvalue is not None and value > self.maxvalue:

raise ValueError(

(RDR=I12%i <)



https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)

(RIDR=I D5 DR E)

f'Expected {value/r} to be no more than {self.maxvalue/r}'

class String(Validator):

def __init__(self, minsize=None, maxsize=None, predicate=None):
self .minsize = minsize
self .maxsize = maxsize

self.predicate = predicate

def validate(self, value):
if not isinstance(value, str):
raise TypeError(f'Expected {value’/r} to be an str')
if self .minsize is not None and len(value) < self.minsize:
raise ValueError(
f'Expected {value/7r} to be no smaller than {self.minsize/r}'
)
if self .maxsize is not None and len(value) > self.maxsize:
raise ValueError(
f'Expected {value/r/} to be no bigger than {self.maxsize/r}'
)
if self.predicate is not None and not self.predicate(value):
raise ValueError(
f'Expected {self.predicate} to be true for {value/r/}'

2.3 RENBT TV Tr—3Y

RDaA— REERBED Y 5 ATT—EZANY F—RE[H S HFEDOY Y L TT,

class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)
kind = OneOf ('wood', 'metal', 'plastic')

quantity = Number (minvalue=0)

def __init__(self, name, kind, quantity):
self .name = name
self .kind = kind
self.quantity = quantity

INHDTRZY) FRIF, PEA VAR ADPERSNZDEEET,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is mot all uppercase

Traceback (most recent call last):
ValueError: Expected <method 'isupper' of 'str' objects> to be true for 'Widget'

>>> Component ('WIDGET', 'metle', 5) # Blocked: 'metle' is misspelled

10
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Traceback (most recent call last):
ValueError: Expected 'metle' to be one of {'metal', 'plastic', 'wood'}

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 is megative

Traceback (most recent call last):

ValueError: Expected -5 to be at least O

>>> Component ('WIDGET', 'metal', 'V') # Blocked: 'V' isn't a number
Traceback (most recent call last):

TypeError: Expected 'V' to be an int or float

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed: The inputs are valid

3 RN EFa—FUTIL

INDBRIETRIZ V) TREDX D =X LAREEDFHMICOWVWT, DT 7=V kFa— )TNk
9,

3.1 #1&

FTAZNVTRDER, 72 bard¥d <y — TAZNVTENPED LS THRFHINZ00FH, OR <~ v
R=BEDESWZHET 3 0DOY > ILERERLET,

FTRZYFRIZODVWTERZILIZED, LWy —ibty b2MHEZ 2 L5127 257217 TH <. Python OfLFH
AIZOWTD X Y IRWEENE N T,

3.2 ERCEA

—fRiC, TRIZVTRIEFZ, TRZVFSRZRTIaralLTERINIZXY vy FeR O BMETS, DXV v R
iE. __get__Q, __set__Q, BXU __delete__() TT, ZNHDAY vy FOWTIDIH, 77 MIC
ERINTOIUL, 2L TAZ Y TR 2IEh T,

BT 722D FT7 40 s OREENE, A7V 27 OFEORMOEIF, BE. HIFRTT, HlZiX a.x X,
%9 a.__dict__['x']. 285 type(a).__dict__['x']l. 51 type(a) DX YV v FEFERIEFICHE -
J2EORDZBEBALHBHLET, RO oED, TRAIZVTEZRXAYy FROWTHLEERLTVWEIA T
7 b5, Python 132077 # L FORZEFVWEL—N—=F4 FL, RODITRAZ VTRV v RERNY
HLUET, 2O OEHIEN TITHhNE2E, EDTFTRAZ Y TRV v RRERINTWELIHKD 3,

FTRZVTRIX, B, ZENO v bal T, ZUITRRT 4, XYy R, BXY Y R, 752X
Vv B, 2L T super() OBERICHZHEM TS, Python DW\Wiz2 2 ZATHELOILTVWES, TAZ Y TX
W, HEcHs C a—F2EZICL. BHD Python 70275 412, FHH LY — L EERHRAL 3,

11




3.3 7R20727O0K30

descr.__get__(self, obj, type=None) -> value
descr.__set__(self, obj, value) -> None
descr.__delete__(self, obj) -> None

INTETTT, ZhEDRAY Yy FOWThLEERTIUE, A 7927 NIT RV TR ARIN, BR
ENEBEOT 7V NORBBVWEF—N—F 4 RTEZ T,

HBATVx7 bW __set__() t __delete__() DHMAZERLTWH, ZHET—XTRZYTXL
BRENET, __get__O) BUIZERBLTVWETRZ Y FXIE, T TRV TR MINET (Zhd
B AV Fifibi g 3o, fofuvgsiHkEd),

T—=RTAIVTREFET—RTRAI V) TRTE ==L FPA VARV ZADFEDTY MV IBILT
POEICHEINZPBREEDET, A VARV ADHEIL, T—XF A2V FRFEZLDOEEBH UL,
F—RTFRAIV T ROFPELEINE T, {1 VARV RADEEIZ, IET—R TRV X RIGOHEERHN
X, HEOHBHOAPERINE T,

HAHLEHOT =X TRV T2 2EZI12E. __get__ O & __set__() ODMAZEFREL. __set__O M
MO H X722 =12 AttributeError 2SEHIN D LI LT X W, N EEHE TS __set__ () XV v
FE 7L —ARNEZ e LTERETUI. 7T—XTR7Y FRIZTHDITTIHITE,

3.4 TRV TZHVUHLOBIE

desc.__get__(obj) X desc.__get__(None, cls) 2ffi5 ¢ TRV FXZBEHZEFUOHT I B TEET,
LoL, BE7 7 ADOBICHBINICFECHI NS DM, — BB TR 7V FXROMEUH LGETT,

A obj.x X obj OEATEMOF 2 —> OFTEME x ZHRLET, dL. ZOMRORI vy ZOHFT, [~
AR VAD __dict__ DHNTTRZ V) TE2EBOF 786, BREL—NLDIV X LDV A MIME-T, ZDT A
JVTED __get__ () XYy FPEFHEINET,

MLV L OFERINE, obj D34 TP =2 b T 5 AD, super DA VARV ADPITHKD F5,

35 AVRAVADSDOEVEHL

HHIZEEDF =z — Y DHFTITONEA VARV AN I 7 9 T TR, T—RTAZ ) T RPFELT, RicA
VAR YVAER, EDRIZ) VTR TRV TR 7 TRER BRBEEELLS __getattr__() 2L
nE9,

a.x WNTBTRIVTEBEOP oG, desc.__get__(a, type(a)) WO B THFHEINET,

Fy MZ&kBLv 27y 7DuY vy 713 object.__getattribute__() OHFTIThbNE3, ¥a27 Python
TRULFMABZa Y v 73RO T,

12



def find_name_in_mro(cls, name, default):
"Emulate _PyType_Lookup() in Objects/typeobject.c"
for base in cls. mro__
if name in vars(base):
return vars(base) [name]

return default

def object_getattribute(obj, name):
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object()
objtype = type(obj)
cls_var = find_name_in_mro(objtype, name, null)

descr_get = getattr(type(cls_var), '__get__', null)
if descr_get is not null:
if (hasattr(type(cls_var), '__set__')
or hasattr(type(cls_var), '__delete__')):
return descr_get(cls_var, obj, objtype) # data descriptor
if hasattr(obj, '__dict__') and name in vars(obj):
return vars(obj) [name] # instance variable

if descr_get is not null:

return descr_get(cls_var, obj, objtype) # non-data descriptor
if cls_var is not null:

return cls_var # class variable

raise AttributeError (name)

__getattribute__() O — KT __getattr__() D7 v IO LICHER L TLE IV, ZD79H, H
¥ __getattribute__() ZM-UH T, super().__getattribute__ THUHT &, __getattr__() 28
SERITANA NRRAEINET,

ZORbHhiT, __getattribute__() A% AttributeError ZFHH L7z T __getattr__() ZFUHTOD
F, Fy MEETF L getattr() OEMFETT, IhoHondy ZE3AAAS—RIZH FefbEh T Ed:

def getattr_hook(obj, name):
"Emulate slot_tp_getattr_hook() in Objects/typeobject.c"
try:
return obj.__getattribute__(name)
except AttributeError:
if not hasattr(type(obj), '__getattr__'):
raise

return type(obj).__getattr__(obj, name) # __getattr__

3.6 V5 XAD5DFUHL

AxDES5% Ny Veffiolely 27y 70BY Y 713 type.__getattribute__() OHIZHDH EF, B
Yy ZDAT v 7% object.__getattribute__() EUTWVWETH, 41 Y RXVRAFEEDLY 77 v 137
Z A ® method resolution order ZH U 7R B I 5N TVET,

a.x WNTBTRIVTEBAOP o755, desc.__get__(None, A) EWHBKXTHUIHINET,

5ER72 C BT X 5522813 Objects/typeobject.c D7 7 4 LND type_getattro() ¥ _PyType_Lookup()
13



https://github.com/python/cpython/tree/3.10/Objects/typeobject.c

OHFIZHH FF,

3.7 super S DIFEVH L
super D Ky b 2ozl 77 v 7 super () DIRTATY 27 MD __getattribute__() XY v KD
HTiITbhET,

super(A, obj) . m DEXSRFy b 2oy 77 v FiX obj.__class__.__mro__ ZHEL T, A DE
D7 7ABEEITHL, B.__dict__['m'].__get__(obj, A) ZRLET, bLTRZ Y FXTiRFII
mZEEETIGRLET,

5427 C FEBIT X 2% %X Objects/typeobject.c DH D super_getattro() OHIZH D £3, Fffiit =
7 Python $#2&1% Guido DF 22—+ 7L TRLHNF T,

3.8 FUHLAODYIDFELD
TAZ N FRDRAH =X LI, object | type « super() @ __getattribute__() XV v FOHIZHAIAE
T,
RATBLIAREHEE LK
o TRIYFRIZ __getattribute__() XYV v RIZX->THRUIHENS
o 7 RZT DML object . type . super() 2 HMMET B

o ITRTDFRAZYTEZDOUY v 7H __getattribute__ () IXH DB, TDRXY v REF—N—F4
F¥22, IRTOEHFNRTZAZ Y ZRIECH LIZMHI XN 3

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () DOMEULHLANER
5o HIFIZA VARV RAEBELAY v F2al, BRERZA Y AX AL LT None 2L, 77X
BHEIEINS

o« FT—RFRAIZYTFRIZ, BFTA VAR VAFHEERF—N—F4 FFT 3

o ETF—XTFTRAIVTRIZF, A VAR VAFHEIIF—N=F4 RENDZ DD

3.9 BFNDOAFIDIEE

TARAZV TR 5T, BARTHA Y ENE 7 FRAEBGPRD W eDBHDET, LWy I AMRES
N2L, type AXTZTRAFH LW TRDFHELZAF Yy Y LET, dL. BEPTRIVTRT, BEDPD
__set_name__() XV v FEFoTWBLHE, TOXY v FlZ2 0058 E > THOIHEINE F, owner
WBFAZ Y FERBPFHEINSZZ 5 AT, name ZT A7V FRBT7H AL Y ENT7 5 AERDOAHTTT,

SEA7 C FEBIT & 2 E2EE Objects/typeobject.c D7 7 £ )LAD type_new() & set_names() OHIZH
DET,

14
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https://github.com/python/cpython/tree/3.10/Objects/typeobject.c

FHorY vy X type.__new__O) IZH D, BENXZ 7 RERDEA IV 7 LpH Y ERA, DLTARY
U TFEDENS T T RABIMENZ5E1E. __set_name_ () ZFENTHROIHITHENHZTL & D,

3.10 ORM o> 7L
UTOa—F ik, #7927 MR~y B Y7 RRETIDICT—XT 4 A7V TFREHS FiEER L,
Bl X =BT,

BEARWNZREZFHZ. T—2NBDOT —EZRXR=RIRFT S Z 2T, Python £ Y XXV RE, T —&R—
ADT —=TAANDF—DAERFELET, TRIZVTZPILy 77y PREHEZLET,

class Field:

def __set_name__(self, owner, name):
self.fetch = f'SELECT {name/ FROM {owner.table/ WHERE {owner.key/=7;'
self.store = f'UPDATE {owner.table/ SET {name /=7 WHERE {owner.key/=7;'

def __get__(self, obj, objtype=None):
return conn.execute(self.fetch, [obj.keyl).fetchone() [0]

def __set__(self, obj, value):
conn.execute(self.store, [value, obj.keyl)

conn.commit ()

Field 79 A %o T, T—RXR—ZADT—IN T DRAF—<RHHFTE-00 7L ZERLE T,

class Movie:
table = 'Movies' # Table name
key = 'title' # Primary key
director = Field()
year = Field()

def __init__(self, key):
self .key = key

class Song:
table = 'Music'
key = 'title'
artist = Field()
year = Field()
genre = Field()

def __init__(self, key):
self .key = key

ETAEFEHTICEET T —E2R—AIER L 3

>>> import sqlite3

>>> conn = sqlite3.connect('entertainment.db')
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https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://ja.wikipedia.org/wiki/%E3%83%87%E3%83%BC%E3%82%BF%E3%83%A2%E3%83%87%E3%83%AB

RDAVRTIT 4Ty ayTRE T—ERXN=—ADLDT7T—ZDOHIG . BHHTEZRLTVWET,

>>> Movie('Star Wars').director

'George Lucas'

>>> jaws = Movie('Jaws')

>>> f'Released in {jaws.year} by {jaws.director /'
'Released in 1975 by Steven Spielberg'

>>> Song('Country Roads').artist
'John Denver'

>>> Movie('Star Wars').director = 'J.J. Abrams'
>>> Movie('Star Wars').director
'J.J. Abrams'

4 a7 Python OZ(MisReE
Zo7a raVFBEMTTRS, VU TAAHEEDMOTVEST, 22— —2DHIZE, HF DI

KO THAAAIZBMEINZDHDET, 74, HEDAYV v R, BXY v R, 77XV v R,
~ slots . £ TFRZYTRTa b aricEonT0nET,

4.1 7ONT+

property() ZMUHT I T, BEAT 7 X T2 LBEBOMUIHLEZIIZRIT. T—2TRAIV &%
RICHALTOENE T, 72 F ¥ ETHTT:

property(fget=None, fset=None, fdel=None, doc=None) -> property

CORFaxXy TR BHINWENE x 2ERT I REHEZRLET:

class C:
def getx(self): return self._
def setx(self, value): self._
def delx(self): del self.__x
x = property(getx, setx, delx, "I'm the 'x' property.")

X
_x = value

TAZV T XDEMD S property() B D LI ICEEINTWEH% R 57Dz, FifiZz Python % Z
ZIEITET:

class Property:

"Emulate PyProperty_Type() in Objects/descrobject.c"

def __init__(self, fget=None, fset=None, fdel=None, doc=None):
self.fget = fget
self.fset = fset
self.fdel = fdel

if doc is None and fget is not None:

(RDR=I1Fi <)
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(RIDR=I D5 DR E)

def

def

def __

def

def

def

def

doc = fget._ _doc__

self._ _doc__ = doc

self._name = ''

__set_name__(self, owner, name):

self._name = name

__get__(self, obj, objtype=None):
if obj is None:
return self

if self.fget is Nonme:

raise AttributeError (f'unreadable attribute {self._name/')

return self.fget(obj)

set__(self, obj, value):

if self.fset is None:

raise AttributeError(f"can't set attribute {self._name /")

self.fset(obj, value)

__delete__(self, obj):
if self.fdel is None:

raise AttributeError(f'"can't delete attribute {self._name/}")

self.fdel(obj)

getter(self, fget):

prop = type(self) (fget, self.fset, self.fdel, self._ _doc_

prop._name = self._name

return prop

setter(self, fset):

prop = type(self) (self.fget, fset, self.fdel, self.__doc_

prop._name = self._name

return prop

deleter(self, fdel):

prop = type(self) (self.fget, self.fset, fdel, self._ _doc_

prop._name = self._name

return prop

)

)

)

FHAIAABD property () BRI, 2—H A VX =T 2 —ANDENET 7 ARG Z 5N, HEEBXY v
FONMAEBERT % & ZIHILBFET,

BlziE, A7y F¥— 1275 2%, Cell('b10') . .value THADEERBTEZ L LET, HKBIZE
D, 7O L0777 RADBERZELVOEGFEETZI R ERLE LR, Ll TSIk, ZOEMHI
EET7 7R TH2MBEDI 747 a—RIZEB 5 HDERA, TOMRREKII. property 7 — X
TARAZ)TENNEBEAND T 78R %7y 552 LTI

class Cell:

17
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(RIDR=I D5 DR E)

@property

def value(self):
"Recalculate the cell before returning value"
self.recalc()

return self._value

HAAAD property() . T D Property() b, TOV Y FLDHTHL LS IKHATEET,

4.2 B AV YR
Python OA 7Y = 7 MEASREX, BIBUCHE S SRED LICHERIhTVES, IET—XTRI7V TSX%
foT, ZD220F>—LLRAHAEDLEINTVWE T,

7o AFFEITHIN S N2 BIR0E. FEATRRIC A YV v RIZEBEINE T, XV y FeEEOBBIEA 7227 b
A VRRYADPMMDFEE D BENCTEZXNZ SR TRERZD 5, BETIIA VAKXV R self £\ 4H]
PEHLNE T, this PMMOBEELHHEZ T T,

XYy FiE, I EERDa— K e A%4 types.MethodType 2 {#H X IXFEITHENE T,

class MethodType:
"Emulate PyMethod_Type in Objects/classobject.c"

def __init__(self, func, obj):
self. func__ = func
self. _self__ = obj

def __call__(self, *args, **kwargs):
func = self. func_ _
obj = self._ _self _

return func(obj, *args, **kwargs)

XYy NOHBHERZ Y K-+ 3§22 BB L, BE7 72X TXY vy FORMIHHA NS
_get__ O XYy FZEBMLES, ZhE2FED, ZOMBRE Ry P77 7RSI 2B Y v
FERRFTIET—X TRV TR THLI e ZBERLET, ROXSTEEL %3,

class Function:

def __get__(self, obj, objtype=None):
"Simulate func_descr_get() in Objects/funcobject.c"
if obj is Nonme:
return self
return MethodType(self, obj)

RDYGA"BA VR TR BRI TZL, ZOBEBTAIZ) IEAREBRICESEBL rERONET:

class D:
def f(self, x):

(RDR=I12%i <)
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(FiDR— 25 D %)

return x

ZOBEIIA Y bR ARSI Y 3 Y EYR— F T E72HIC qualified name HFFo TOWE T,

>>> D.f.__qualname__
'D.f!'

I AFHEZBUTHBICTY 78X 52, __get__ (O BFETSNERA, 2D, BZHHEBA 7Y =
7 e ZDEFRLET,

>>> D._ _dict__['f']
<function D.f at 0x00C45070>

JIADRy T 7RRE __get__ () BMTHLETH, ChDRIZHLIBBELZHEHETITELET,

>>> D.f
<function D.f at 0x00C45070>

AVARYAIHLTRY b 727022 F2 b HAVEEZLET, Fy bOLy 27y FiE FlXY v R
FT7Y27 beIET __get__ (O ZMUHLET,

>>>d = D(O)
>>> d.f
<bound method D.f of <__main__.D object at 0x00B18C90>>

WERTIE, HEX Y v RIZA VO F LB filX N4 VARV A2 L TVWE T,

>>> d.f. func__
<function D.f at 0x00C45070>

>>> d.f. self
<__main__.D object at 0x1012e1£98>

L, WHEDAY Y FD self . Z7FAXY Y FD cls BEIHRZDEMICE TR AP VWEE L
b, TN ZEDEZIIKEDFT !

4.3 XYy RDiEE

T —=RFR2 ) F2IF B Y Yy FICHET 25, BRO—RAYR SR — 102, Bl zRt L 9.

Fro5e BIE __get__ O XAV FZ2HEB BHE LT 7RI NLLE AV y RIZEBZNES, Z
DIEF =R T 4 A7) FRIZ, obj.f(xargs) O L% f(obj, *args) ITZHL 3, cls.f(xargs)
EFEH T & f(xargs) KD £,

ZDFv— I FfEr, 202 00B LA FAEEERELDTVET:
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it ATz b SRUHEINS | V5ZADSHEUHIND
ESE f(obj, *args) f(*args)

FRIUX Y v R f(*args) f(*args)

77 AXY v F | f(type(obj), *args) f(cls, *args)

4.4 FFHIXY YR

FIX Y v Flid, TCHIBBEZFDEERLET, c.f % C.f I&, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") X EHZEERITIZ2DLHEULTI, R LT, B#IA 7 =7 b
IIAMBELEIICT I RRATEET,

XYy FIZT 2 RBVODIX, self ZBADSBER WX Y v F T,

B2, BEty =1L, ERT 20V TFRH2 LET, £D7 7 RIF FH, X7V, Zofth
D, T—=RIRZILBREI 2 E T 2IHEX Y v FREBELET, LArAL. MR LE3BEGRSH - TH, 77—
RIS RV K S REFREAKD DD £5, BRI erf(x) EHEF LOERBREHAL—F > TIT, K
EDT =Rty MCEEZRRELEEA, I, A7V 27 b6 TH 7 7ANLTHIFEHE ET:
s.erf(1.5) --> .9332 /z|% Sample.erf(1.5) --> .9332,

XY v FIINCH B2 20 E BT DT, BMEHLOFNIEHHEL HD FHA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> EQ).£(3)
30

JEF—&F2 7Y TFExTa barEf> . pure Python D staticmethod() I FD X 512k bh %3

class StaticMethod:
"Emulate PyStaticMethod_Type() in Objects/funcobject.c"

def __init__(self, f):
self . f = £

def __get__(self, obj, objtype=None):

return self.f

def __call__(self, *args, **kwds):

return self.f(xargs, **kwds)

20




4.5 VS5AXY vy R

FIXY v FRIE-> T, 77 AXY v FIZERENCHSTENICY 2 ASBEFIHY X FOEFICMZ 3,
ZD7x—<v M, MUK LKA T2 +TH I I RATHRELTY:

class F:
Qclassmethod
def f(cls, x):

return cls.__name__, X

>>> F.f(3)
('F', 3)

>>> F().£(3)
('F', 3)

ZOIRBENT, BN S RABROAEDLEY L, FEDA Y AR Y RAFEIN T —RIKFE LW
EWEHTT, 77AXY v FOFEWHD—DF, ROODIFZRav Ao 7X2%E2Z2 TS, HlZiZ.
7 AXY v ¥ dict.fromkeys ) 3L VWHEZ X —D VX M2 SERL £ 3, FfiZz pure Python fkiZ:

class Dict(dict):
Qclassmethod
def fromkeys(cls, iterable, value=None):
"Emulate dict_fromkeys() in Objects/dictobject.c"
d = clsQO
for key in iterable:
d[key] = value

return d

INT—ERF—2HOMLOEENDI T XS IR TE 3!

>>> d = Dict.fromkeys('abracadabra')
>>> type(d) is Dict

True

>>> d

'a': None, 'b': None, 'r': None, 'c': None, 'd': None}

FEF—XFRI7YTFETa barzfo7z, classmethod() ® pure Python RiZZ D X512k bh £5

class ClassMethod:
"Emulate PyClassMethod_Type() in Objects/funcobject.c"

def __init__(self, £f):
self.f = £

def __get__(self, obj, cls=None):
if cls is None:
cls = type(obj)
if hasattr(type(self.f), '__get__'):
return self.f.__get__(cls, cls)
return MethodType(self.f, cls)

21




hasattr(type(self.f), '__get__') ~N®D 2 — F XX Python 3.9 THEMX N7 BhIF T,
classmethod() DF =z — Y ENT AL —XBIR— MR D FE Lz, BIZIE. 7 7RXY v ReE
a7 42— HEICHHTE T,

class G:
Qclassmethod
@property
def __doc__(cls):

return f'A doc for {cls.__name__/7}'

>>> G.__doc__
"A doc for 'G'"

4.6 AN—FT U k¥ __slots__

7AW __slots__ ZERT DL, A VARV ZADEFENEEBEDA R v P OEOEY B XI5 F
T -V —DHENLAZ L. W OPDZEHRDD $75,

1. Provides immediate detection of bugs due to misspelled attribute assignments. Only attribute names

specified in __slots__ are allowed:

class Vehicle:

__slots__ = ('id_number', 'make', 'model')

>>> auto = Vehicle()
>>> auto.id_nubmer = 'VYE483814LQEX'

Traceback (most recent call last):

AttributeError: 'Vehicle' object has no attribute 'id_nubmer'

2. Helps create immutable objects where descriptors manage access to private attributes stored in

__slots__:

class Immutable:
__slots__ = ('_dept', '_name') # Replace the instance dictionary

def __init__(self, dept, name):

self._dept = dept # Store to private attridbute
self._name = name # Store to private attridbute
@property # Read-only descriptor

def dept(self):
return self._dept

@property
def name(self): # Read-only descriptor

return self._name

22




>>> mark = Immutable('Botany', 'Mark Watney')
>>> mark.dept

'Botany'

>>> mark.dept = 'Space Pirate'

Traceback (most recent call last):
AttributeError: can't set attribute
>>> mark.location = 'Mars'

Traceback (most recent call last):

AttributeError: 'Immutable' object has no attribute 'location'

3. Saves memory. On a 64-bit Linux build, an instance with two attributes takes 48 bytes with __slots__
and 152 bytes without. This flyweight design pattern likely only matters when a large number of instances

are going to be created.

4. Improves speed. Reading instance variables is 35% faster with __slots__ (as measured with Python

3.10 on an Apple M1 processor).

5. Blocks tools like functools.cached_property() which require an instance dictionary to function

correctly:

from functools import cached_property

class CP:
_slots__ = Q) # Eliminates the instance dict
@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)**n / (2.0%n + 1.0)
for n in reversed(range(100_000)))

>>> CP() .pi
Traceback (most recent call last):

TypeError: No '__dict__' attribute on 'CP' instance to cache 'pi' property.

__slots__ X CHEBERICEE 7 7 A L, A7 27 bOXEVHEREHIET 208 BH 2720, Va7
Python N— a Y EER T2 28X TEEHA, LL, 7794 RX—1+D __slotvalues VA +&ffioTC
HERDRT Yy PZIKERECTI2L - IR TEET, ZDT 74 R— M aERNDFAE E X
AYN=DTFRAZ ) T RZEX o TEHREINET,

null = object()

class Member:

def __init__(self, name, clsname, offset):
'Emulate PyMemberDef in Include/structmember.h'
# Also see descr_new() in Objects/descrobject.c

self .name = name

(RDR=I12%i <)
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https://en.wikipedia.org/wiki/Flyweight_pattern

(RIDR=I D5 DR E)

self.clsname = clsname
self.offset = offset

def __get__(self, obj, objtype=None):
'Emulate member_get() in Objects/descrobject.c'
# Also see PyMember_GetOne() in Python/structmember.c
if obj is None:
return self
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError(self.name)

return value

def __set__(self, obj, value):
'"Emulate member_set() in Objects/descrobject.c'

obj._slotvalues[self.offset] = value

def __delete__(self, obj):
'"Emulate member_delete() in Objects/descrobject.c'
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError(self.name)

obj._slotvalues[self.offset] = null

def __repr__(self):
'"Emulate member_repr() in Objects/descrobject.c'

return f'<Member {self.name!/7r} of {self.clsname/7/>'

type.__new__() XV v RIZ7 FRAEHADA U AN=F 727 v OBMEUHEL 3,

class Type(type):
'Simulate how the type metaclass adds member objects for slots'

def __new__(mcls, clsname, bases, mapping, **kwargs):
'Emulate type_new() in Objects/typeobject.c'
# type_new() calls PyTypeReady() which calls add_methods()
slot_names = mapping.get('slot_names', [])
for offset, name in enumerate(slot_names):
mapping [name] = Member(name, clsname, offset)

return type.__new__(mcls, clsname, bases, mapping, **kwargs)

object.__new__() XYV v Fi3A Y ARV AFEDNDDICAB Y F2HOA[ VAKX ZAO/ERONHEZ L
FT, BBX-EICY 27 Python TOY I 2l —>a vy Liza—FRIH56TT,

class Object:

'Simulate how object.__new__() allocates memory for __slots__'
def __new__(cls, *args, **kwargs):

'Emulate object_new() in Objects/typeobject.c'

inst = super().__new__(cls)

(RDR=I1Fi <)
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if hasattr(cls, 'slot_names'):
empty_slots = [null] * len(cls.slot_names)
object.__setattr__(inst, '_slotvalues', empty_slots)

return inst

def __setattr__(self, name, value):
'Emulate _PyObject_GenericSetAttrWithDict() Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError(
f'{cls.__name__/!7} object has no attribute {name/r}'
)

super () . __setattr__(name, value)

def __delattr__(self, name):
'"Emulate _PyObject_GenericSetAttrWithDict() Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError(
f'{cls.__name__/!7} object has no attribute {name/r}'
)

super () . __delattr__(name)

EKBEDI FRATYIalb—yarya— FEFHT3ICE, Object Z#A L. metaclass % Type ICL F 3

class H(Object, metaclass=Type):
'Instance variables stored in slots'

slot_names = ['x', 'y']

def __init__(self, x, y):

self.x = x

self.y =y

ZORFERTIIRXRR I TR 2 8 yDAUAN=FT I b eu—FLET,

>>> from pprint import pp
>>> pp(dict(vars(H)))
{'__module__': '__main__"',
'__doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'],
'__init__': <function H.__init__ at 0x7£fb5d302£9d0>,
'x': <Member 'x' of 'H'>,
'y': <Member 'y' of 'H'>}

A VAR ADERE NS v, B RIFENS slot_values DYV A B A VAR ADMERFL 3

>>> h = H(10, 20)
>>> vars(h)
{'_slotvalues': [10, 20]%}

(IKDR=12Hi )
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>>> h.x = 55
>>> vars(h)
{'_slotvalues': [55, 20]}

ARIL I 2R, K7L VOB EEH L T,

>>> h.xz

Traceback (most recent call last):

AttributeError: 'H' object has no attribute 'xz'
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